Abstract. Screening techniques for detecting the susceptibility of spring wheat cultivars and breeding lines to Septoria nodorum Berk, were studied in trials carried out in southern Finland. Small screening plots were artificially inoculated with the pathogen and subsequent observations showed that the early cultivars Apu, Ulla, Hja 21600 and the late cultivar Tähti were the most susceptible. The rank correlation between field assessments from naturally infected plots and assessment from artificially inoculated small screening plots was moderately high.
Introduction
Genetic plant protection is on the way to playing an increasingly important role in controlling plant diseases. Recent economic calculations of the value of resistance breeding carried out, for example, in Sweden, Denmark, and England, show that resistance breeding is an inexpensive and an effective way to control many important plant diseases (STABEL 1977 , SUNDELL 1979 , DOODSON 1981 , HAGBERG and GUSTAFSSON 1981 . Furthermore, totally new possibilities may be provided by recent advances in molecular genetics where resistance genes are transferred using recombinant DNA-technology; thus reducing the time needed to breed disease resistant varieties (ELLING-BOE 1981 , DAY 1981 , HOWELL 1982, BARTON and BRILL 1983) .
Septoria nodorum Berk, is an important necrotrophic pathogen of wheat and barley and it has caused severe losses of wheat crops in many countries (SHIPTON et al. 1971 , EYAL 1981 . In Finland 5. nodorum has been a major wheat pathogen too (MÄKELÄ 1975) , although no economic assessment of the pathogen has been done. However, there is every reason to assume that during the previous rainy seasons S. nodorum has caused significant yield and qualityreductions in Finnish wheat crops (MÄKELÄ 1979, KARJALAINEN and LAITINEN 1982) .
Several measures, such as chemical control, crop rotation and resistant cultivars have been used to control S. nodorum (EYAL 1981) . One of the major obstacles in utilizing the resistance of wheat to S. nodorum is the lack of single resistance genes that give an easily detectable level of resistance (BAKER 1978 , EYAL 1981 . The resistance is probably polygenically determined (SCOTT et al. 1982) , and cultivars react to the disease to different degrees (BAKER 1978) . Although there are no entirely resistant cultivars or lines (KRUPINSKY et al. 1977 , BAKER 1978 , considerable empirical evidence indicates that an adequate level of resistance is available for use in practical resistance breeding (SCOTT et al. 1982) . Further, SCOTT et al. (1982) have suggested that the lack of efficient screening methods rather than the lack of resistance sources is the main hindrance in breeding for resistance to 5. nodorum.
Several screening techniques are currently being used in breeding for resistance of wheat to S. nodorum, but these methods are difficult to reproduce and many results have been contradictory. The same cultivars have reacted in different ways to the disease, probably because different procedures have been used (RUFTY et al. 1980) . The central idea of the screening method is based on the fact that the life cycle of S. nodorum requires humid conditions. The release and dispersion of conidia and the germination and growth of germ tubes requires a wet leaf surface (SHIPTON et al. 1971 , POLLEY and CLARKSON 1978 , ÜBELS 1979 , JEGER et al. 1981 . Frequent rains associated with moderate temperatures, that is 12-25°C, provide favourable conditions for disease build-up in wheat fields (POLLEY and CLARKSON 1978, EYAL 1981 (SCOTT and BENEDIKZ 1977, ÜBELS 1979, P. R. SCOTT and P. W. BENEDIKZ 1982 pers. comm.) . Conidia suspensions, infected straw, and natural infection, for instance, have all been used as inoculum (SCOTT and BENEDIKZ 1977, RUFTY et al. 1981) , and these forms of inoculum have been provided at the mature plant stage (BRÖNNIMANN 1968 b, SCOTT and BENEDIKZ 1977) or the seedling plant stage (KIETREIBER 1962, SCHAREN and KRUPINSKY 1978) . The measurement of disease resistance is based on the percent area of the leaf and ears of a cultivar that is attacked by the disease (BRÖNNIMANN 1968 a) . BRÖNNIMANN (1968 b, 1982) has used the loss of 1000 grain weight as a measure of tolerance of wheat cultivars to S. nodorum.
In England, SCOTT and BENEDIKZ (1977) have evaluated methods for screening wheat cultivars to S. nodorum at the mature plant stage by using small artificially inoculated plots that were kept damp with the use of plastic bags and repeated irrigation. They found this method an efficient way to screen breeding lines, and cultivars, and it is well suited for practical resistance breeding. The idea of using mature plant tests is based on the relevant information that 5. nodorum causes most damages at later growth stages, and several growth factors, such as height and maturation time affect the expression of resistance under field conditions (BRÖNNIMANN 1968 , EYAL 1981 , FRIED and BRÖNNIMANN 1982 .
In the present paper we test the validity of the screening method developed by SCOTT and BENEDIKZ (1977 (COOKE and JONES 1970) . It was necessary to make some spore transfers to obtain densely sporulating cultures. KRUPINSKY and SCHAREN (1973) have suggested that dense sporulation ability is a characteristic associated with virulence. It was also necessary to avoid using old cultures because they had lost their aggressivity (SCHAREN and KRUPINSKY 1973) . The plates were flooded with a small amount of sterile water, and the cirrhi containing pycnidiospores were removed by gently rubbing the agar surface with a glass rod. The conidia suspension was filtered through some layers of cheesecloth. A spore concentration of 10 6 conidia/ml as well as a higher concentration (as determined with the use of a heamacytometer) were the inoculum densities used, as suggested by earlier experiments (KRUPINSKY 1976, EYAL and SCHAREN 1977) . To obtain better adherence of the conidia to wheat leaves some surfacant was added. (Fig. 3) . Another clear difference is evident in Fig. 3 The susceptibility of ears to S. nodorum is presented in Fig. 4 (Fig. 6) . The correlation between 1000 grain weight and flag leaf severity over all cultivars shows a weak negative correlation (r=-0.24). The correlation between 1000 grain weight and ear severity is negatively significant (r=-0.43, p < 0.05).
Further attempts were made to test whether the resistant cultivars differ in their grain filling ability as compared with the susceptible ones after Fig. 5 (Fig. 8) . The results indicate a negative correlation, but the coefficients were low. A similar approach was applied and tested to see whether maturation time is affected by disease severity (Fig. 9) . The results show significant negative correlations (r=-0.65, p < 0.001, r=-0.36, p < 0.05) and indicate that late cultivars are more resistant than early ones. Fig, 6 . The correlations between disease severity and grain weight using data from screening test. 
Discussion
Inherent genetic variation and simple, inexpensive and reliable screening methods are the major requirements for successful resistance breeding (e.g. RUSSELL 1978 ). Septoria nodorum is mainly spread by rain-splashed drops, and inoculum sources within a crop are probably more important than external sources (GRIFFITHS and AO 1976 , JENKYN and KING 1977 , JEGER et al. 1981 . Under natural conditions the disease is not often evenly spread over the experimental field (RUFTY et al. 1981) . Therefore artificial inoculation is needed in order to test breeding lines and segregation populations against the disease (FRIED and BRÖNNIMANN 1982) .
The artificial screening method developed by SCOTT and BENEDIKZ (1977) was tested in this study. The results confirm the validity of the method, since we found it to be rather efficient in distinguishing susceptible and resistant lines (Fig. 3) . Only a small incidence of disease, which started late, occurred in the uninoculated controls and on this basis it was not possible to separate cultivars with regard to resistance. We came to the same conclusion as SCOTT and BENEDIKZ (1977) did, that is that the time of assessment is critical since clear differentiation between cultivars seems to persist only for 10-14 days, after which symptoms are masked by rapidly increasing senescence. An extra assessment was made in our experiments as we found that a great number of replications are required to obtain reliable differences between cultivars which have nearly the same level of resistance. Large intraplot variation between measured leaves probably indicates an uneven spread of applied inoculum. Recent improvements in inoculation techniques (EYAL and SCHAREN 1977 , 1980 , ÜBELS 1979 may overcome these difficulties and thus improve the reliability of screening techniques. The results of the experiment in 1982 corroborate the observation made by FRIED and BRÖNNIMANN (1982) that environmental conditions following inoculation affect disease development and reliable assessment of cultivar resistance. The exceptionally high temperatures experienced after inoculation in 1982 (Fig. 1 ) masked the differences between cultivars, thus making reliable comparisons of leaf disease severity impossible. FRIED and BRÖN-NIMANN (1982) therefore suggest that comparisons between cultivars should be made only if different varieties were inoculated on the same day since in this way the differences caused by changes in environmental conditions can be avoided. Unfortunately, this may cause another problem because of wide differences in cultivar maturity levels and the fact that disease severity might depend on growth stage (COOKE and JONES 1971, OBST 1977 The artificial field inoculation method with S. nodorum, followed by covering the plots with plastic bags, raises some important questions with regard to practical resistance breeding. First of all, plastic bags may disturb normal plant development and thus make it difficult to evaluate cultivars with regard to plant breeding characters, such as plant type and lodging resistance. One of the most powerful methods to solve these problems is the method where small plots are repeatedly irrigated and inoculated to insure disease development (P. R. SCOTT and P. W. BENEDIKZ 1982 pers. comm.) . However, this method may need abundant inoculum due to the apparent loss of inoculum compared with the ''plastic bag" method.
Attempts to test whether disease severity is associated with grain weight indicate that in some cultivars (Fig. 8, 9 and 10) there is a clear negative correlation, however with some cultivars which showed a susceptible reaction to the disease only a weak correlation was detected.
The detected inconsistency between grain weight and disease may be due to the observed fact that S. nodorum may affect yield without causing symptom expression (SCHAREN et al. 1975 , OBST 1977 . Moreover, our data reveal that in some cultivars like Ulla and Luja, weak correlation may be due to tolerance, thus supporting the ideas presented by BRÖNNIMANN (1968, 1969, 1982) .
However, tolerance is a fairly obscure concept, and it is difficult to define it critically (GAUNT 1981) . Therefore, observed tolerance may sometimes be an artifact of experimental procedure. SCOTT and BENEDIKZ (1977, 1982) suggest that it is easier to select resistance on the basis of symptom expression rather than reduced yield loss. BRÖNNIMANN (1982) has recently demonstrated that reduced disease development has been observed in several tolerant lines.
There is now considerable empirical evidence accumulated to demonstrate that tall wheat cultivars are less liable to attacks by Septoria disease than short ones (BRÖNNIMANN 1968 , 1969 , SCOTT 1973 . This relationship between plant height and disease resistance has been explained on the basis of the stepwise movement of the disease from the lower to the upper leaves and ears (SCHAREN 1964) . The vertical progress of Septoria is affected by the distance between the lower leaves and the upper leaves and ears (BAHAT et al. 1980 , EYAL 1981 , which may be the consequence of differences in microclimatic conditions (BAHAT 1980 (EYAL 1981) . Our results confirm this theory since we found significant negative correlation between disease severity and maturity levels.
In breeding for spring wheat under northern conditions there are two important aims (excluding yield and quality), notably earliness and good lodging resistance, which often means moderately short straw. Therefore, resistance breeding against S. nodorum is faced with difficult problems, because there is ample evidence that Septoria resistance is positively correlated with late maturity and tallness (EYAL 1981 , SCOTT et al. 1982 . In their comprehensive study, SCOTT et al. (1982) conclude that breeding wheat cultivars with a high degree of resistance is difficult, if short straw or earliness is also an objective. However, there is evidence that new early and short wheat cultivars with a moderate resistance have been obtained (SCOTT et al. 1982) , which indicates that deviations in correlations frequently occur. This study shows that many lines and cultivars with a moderate degree of resistance also mature fairly early and have a moderate level of height. Our study contributes to the suggestion by SCOTT et al. (1982) that progress in breeding for resistance of wheat to S. nodorum depends greatly on efficient screening and selection strategies.
In comparison with different control measures against S. nodorum resistance breeding has recently been shown to give good economic results in Britain (DOODSON 1981 
